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Purpose: In spite of its invasiveness, measurement of ambulatory venous pressure (AVP) is 
widely considered the gold standard measurement of venous function. We studied a 
technique for noninvasive ultrasonographic AVP determination i superficial venous 
incompetence. 
Methods: A linear relationship between venous pressure (measured by echo-guided venous 
ptmcture) and diameter (measured by transverse axis duplex imaging) was preliminarily 
demonstrated with multiple measurements in different conditions (supine, sitting, stand- 
ing, and Trendelenburg positions, after exercise with and without cuff occlusion) in a 
saphenous tract at the thigh of 82 limbs in which reflux had been previously demon- 
strated. Then AVP was measured in another group Of44 patients who had demonstrated 
superficial venous incompetence, both with and without proximal occlusion, using again 
the same invasive method and a new noninvasive technique. The latter technique con- 
sisted in the construction of a linear diameter/pressure curve obtained after saphenous 
diameter (by high-resolution sonography) and oninvasive pressure (using hydrostatic 
values) determinations in the sitting and standing positions. Further measurement of
saphenous diameter after standardized exercise permits extrapolation of the AVP values 
from the curve. 
Results: Linear regression analysis demonstrates that (1) beginning from 20 mm Hg, the 
pressure/diameter r lationship of the incompetent greater saphenous vein is linear; and 
(2) AVP values derived invasively and noninvasively are significantly correlated (r = 
0.7347 and p < 0.0001 for AVP derived without occlusion; r = 0.7270 and p < 0.0001 
for values recorded with occlusion). 
Conclusions: The proposed technique appears able to reliably assess noninvasively AVP 
values in superficial venous incompetence. In addition, it can be performed with equip- 
ment that is widely used for vascular investigations. (J Vasc Surg 1997;26:796-802.) 
Venous function of  the lower limbs has proved to 
be a difficult entity to quantify. Many tests have been 
developed in an attempt o separate normal from 
abnormal function, including ambulatory venous 
pressure (AVP), foot volumetry, photoplethysmog- 
raphy, and air plethysmography. Unfortunately, 
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none of these methods can completely categorize 
patients and limbs by clinical severity of the dis- 
ease. I-I0 
The fall of venous pressure that occurs with exer- 
cise represents the functional reserve of the venous 
system of the lower limbs and closely correlates with 
the clinical class of chronic venous insufficiency. Al- 
though some overlap exists between AVP values ob- 
tained in either healthy or insufficient veins of the 
lower limbs, such a measure is widely considered the 
gold standard in the evaluation of venous function)- 
6,s,~0 Unfortunately, AVP is measured invasively, 
whereas an ideal test should be noninvasive and easily 
repeatable. 
We postulated that the relationship between vein 
diameter and pressure is linear in the incompetent 
saphenous vein after completion of the filling phase. 
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If this is true, a linear diameter/pressure curve could 
be noninvasively derived from duplex scanning mea- 
surements of vein diameter and linear measurements 
of the distance between the heart and the point of 
saphenous diameter measurement (multiplied by a 
constant to obtain the hydrostatic pressure) in two 
different hydrostatic conditions: itting and standing. 
The aims of this study were (1) to demonstrate he 
linearity of the diameter/pressure relationship after 
the filling phase in the greater saphenous vein (GSV) 
of patients affected by superficial venous incompe- 
tence; and (2) to assess whether a close correlation 
exists between the standard intravenous method of 
AVP determination (control method) and the new, 
noninvasive, ultrasonographic procedure (experi- 
mental technique) of AVP determination i such 
patients. 
METHODS 
Phase I--Development of pressure/diameter 
relationship 
Eighty-two limbs in 82 patients (52 female, 30 
male; mean age, 54 years) who were referred to our 
vascular laboratory for chronic venous insufficiency as 
a result of superficial venous incompetence had their 
diagnosis confirmed by clinical examination (positive 
Trendelenburg and Perthes tests), photoplethysmo- 
graphic refilling time measurement (measurement of 
a refilling time less than 18 seconds after exercise and 
its prolongation after placing a cuff at the superior 
third of the thigh were both considered criteria for 
the diagnosis of superficial venous incompetence), ~° 
and duplex scanning examination (superficial vein 
incompetence was charactcrized by a reverse flow 
longer than 0.5 seconds, = detected at least in one 
saphenous segment when the Doppler sample vol- 
ume was placed with an angle of 45 degrees at five 
different levels along the GSV and the saphenofemo- 
ral junction, during manual calf squeezing in the 
standing patient; the manual squeezing maneuver 
was always performed by the same investigator 
[MGM]). 
The femoral and the popliteal vein, in addition to 
the saphenopopliteal junction, were also investi- 
gated. The patients gave informed consent, and the 
protocol was approved by the Ethical Committee of 
our Hospital. 
The patients were classified according to the new 
CEAP criteria of chronic venous insufficiency.1 ~ The 
clinical class (C) ranged from 2 to 6, and more 
specifically 34 patients had simple varicose veins 
(C2), 23 patients had edema (C3), 15 had lipoder- 
matosclerosis or other skin changes (C4), six had 
healed ulcer (C5), and four had active ulcer (C6). 
The e~ologic mechanism (E) was always primary. 
The anatomical distribution ,of cases (A) was in the 
GSV above the knee in 23 pauents, above and below 
the knee in 59 patients. Perforator veins were incom- 
petent at the thigh in 19 patients and at the calf in 82 
patients. Coexisting short saphenous vein and femo- 
ral vein incompetence was found in seven patients 
and five patients, respectively, the latter finding al- 
ways corresponding to patients in clinical class 5 or 6. 
Finally, the pathophysiologic mechanism of chronic 
venous insufficiency (P) derived from reflux in all 
cases. The following algorithnl describes the consid- 
ered patients: C2-6/s, Ep, As2-3-4/dll/p17-18, 
Pr. 
All the measurements were performed between 8
and 10 AM at the same temperature (23 ° C), just 
before surgery was performed for correction of 
chronic venous insufficiency. 
The values of diameter were measured by duplex 
scanning (AU 530, 7.5 to 10 MHz, Ansaldo, Italy) 
in a saphenous tract between the inferior third of the 
thigh and the superior third of the leg, in which we 
previously detected reflux. The so-called saphenous 
eye, obtainable in the transverse axis duplex imaging 
of the internal thigh, was used as echographic marker 
for precise GSV identification. 12-1S The ultrasonic 
beam was directed toward a rectilinear and nondi- 
lated part of this saphenous tract. In applying the 
probe against he cutaneous urface, we used the 
minimal pressure able to guarantee a satisfactory sa- 
phenous vein image while avoiding undesirable com- 
pression that could have modified vein diameter as- 
sessment. This was easily obtained in every patient 
because vein compression is clearly visible on the 
ultrasound image. In measuring the diameter, we 
preferred the axis perpendicular to the skin in the 
transverse scan (Fig. i); this measurement reflects 
the dimensional changes of the cross-sectional rea, 
whereas the axis parallel to the cutaneous urface 
depends more on the flattening of the saphenous 
vein. 16 
All saphenous pressures were intravenously re- 
corded in the precise site previously measured by 
duplex, using a catheter-transducer (1290 A, 
Hewlett-Packard). The puncture was performed un- 
der ultrasonic guide, using the above-illustrated cri- 
teria for saphenous vein localization. 
For each limb, seven pairs of diameter-pressure 
values were measured: with the patient in the supine 
position, in the sitting position, in the standing posi- 
tion, after exercise (10 tiptoe movements) performed 
without a cuff, after exercise performed with a cuff 
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Saphenous eye 
in standing 
Fig. 1. The so-called "saphenous eye" image in standing posture (left) and after exercise 
(right), which allows diameter measurement i  the saphenous vein at he thigh. Diameter 
assessment was always obtained from transverse axis duplex imaging by measuring the axis 
perpendicular to the skin. 
placed at the superior third of the thigh, and in two 
Trendelenburg positions (leg raised at -30 degrees 
and -45  degrees using a graduated bed). In the last 
condition, we obtained only 12 pairs of  values, be- 
cause of the frequent impossibility of obtaining a 
reliable diameter measurement in a collapsed saphe- 
nous vein. 
Phase 2--Comparison of experimental technique 
with control method of  AVP determination 
Forty-four limbs in 32 patients (25 female, 
seven male; mean age, 46 years) who were referred 
to our vascular laboratory for primary superficial 
venous incompetence had their diagnosis con- 
firmed by  clinical examination, photoplethysmo- 
graphic refilling time measurement, and duplex 
scanning examinatioh, in accordance to the above- 
illustrated criteria. The patients gave informed 
consent, and the protocol was approved by the 
Ethical Committee of  our Hospital. 
According to the CEAP criteria of chronic ve- 
nous insufficiency, the clinical class (C) ranged from 
2 to 3 (24 limbs affected by symptomatic varicose 
veins (C2), and 20 limbs affected by symptomatic 
varicose veins with edema (C3). The etiologic mech- 
anism (E) was always primary. The anatomical distri- 
bution of cases (A) was in the long saphenous vein 
above the knee in 13 cases, above and below the l~ee 
in 31 cases. Perforator veins were incompetent a the 
thigh in 11 cases and at the calf in 39 cases. Finally 
the pathophysiologic mechanism of chronic venous 
insufficiency (P) derived from reflux in all cases. The 
following algorithm describes the considered pa- 
tients: C2-3/s,  Ep, As2-3/p17-18, Pr. 
Methods of AVP determination 
Measurements were obtained from two different 
methods performed on the same occasion by two 
different investigators, blinded to the other's result. 
The experimental technique is a noninvasive 
method for in vivo clinical measurement of saphe- 
nous AVP. The control method is the standard intra- 
venous assessment  (AVP).  1-6 
Experimental technique. To extrapolate AVP 
values, a diameter/pressure curve of the saphenous 
vein was constructed. Diameter and pressure were 
first measured in two different hydrostatic positions: 
sitting and standing. 
The two values of diameter (D1, D2) were mea- 
sured by duplex scan (AU 530, 7.5 to 10 MHz, 
Ansaldo, Italy) in a saphenous tract of the thigh in 
which reflux was previously detected, in accordance 
with the above-illustrated criteria. 
P1 2 is the pressure of the hydrostatic olumn, 
that is, the distance between the heart level and the 
point of saphenous diameter measurement in quiet 
standing (P1) and in sitting positions (P2) according 
to the formula P = p x g × h. 17 At 37 ° C and with 
an ambient pressure of 1 arm, p x g can be consid- 
ered a constant. Consequently, P1-2 (ram Hg) is 
equal to 0.7723 X h, where h is the distance (in cm) 
between the heart level and the point of the measure- 
ment. We considered the heart level to be at he third 
interspace at the sternum, which Cunningham has 
described as the level of the middle of the right 
auricle, is 
The zero point of the curve was arbitrarily con- 
sidered a pressure value of 20 mm Hg (P0)- This is 
the lowest level of pressure from which the saphe- 
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nous diameter/pressure relationship at the thigh can 
be approximated to a straight line. This was previ- 
ously determined in phase 1 of the study (see "Re- 
sults" section). Hence, the axes' intersection was set 
to 20 mm Hg to shift the reference system to the 
minimum level from which the diameter/pressure 
relationship was demonstrated to be linear (Fig. 2). 
By drawing a straight line from this zero to the 
middle point of the segment that joins the two diam- 
eter/pressure values measured as above, a linear di- 
ameter/pressure curve was drawn for each of the 
patients who were studied (Fig. 2). This is the line 
that starts from the point of  initial venous distension 
(20 mm Hg) and best approximates the two pres- 
sure/diameter values that were noninvasively deter- 
mined in different hydrostatic conditions. 
Values for AVP were then derived after 10 con- 
secutive tip-toe movements, both with and without 
echo-guided external finger occlusion of the proxi- 
mal saphenous vein) Using ultrasound imaging, it 
was always very easy to check the site and the com- 
pleteness of the occlusion. We outlined the point in 
which the measurement was previously assessed and 
maintained the duplex probe on the skin during 
standard exercise. When the last movement was fin- 
ished, the saphenous eye image was frozen exactly 
when the heels touched down to obtain the change 
in diameter after exercise (Fig. 1). 
The two values were plotted on the diameter/ 
pressure curve previously created, allowing the ex- 
trapolation of two AVP values, respectively, with and 
without saphenofemoral eflux elimination, as shown 
in Fig. 2. 
Contro l  method. The control method was al- 
ways performed after the experimental method to 
avoid a possible influence (vasospasm) of venous 
puncture on the subsequent determinations. M1 sa- 
phenous pressure measurements were intravenously 
recorded in the precise site previously used for the 
experimental method, using a catheter-transducer 
(1290 A, Hewlett-Packard). The puncture was per- 
formed under ultrasonic guide, using the above-illus- 
trated criteria for saphcnous vein localization. We 
derived AVP, after standardized exercise, both with 
and without occlusion effect) 6 
Statistical analysis 
The linearity of the pressure/diameter r lation- 
ship in each individual patient above 20 mm Hg 
(phase 1) and the relationship between AVP values 
invasively and noninvasively assessed (phase 2) were 
calculated and tested for significance by linear regres- 
sion analysis. Linear correlation for nonparametric 
¢JD 
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Fig. 2. Noninvasive method of extrapolation fAVP val- 
ues from venous diameter and hydrostatic pressure mea- 
surements. The axes' intersection is set to 20 mm Hg to 
shift the reference system to the minimum level from which 
the diameter/pressure relationship is demonstrated to be 
linear. By drawing a straight line from the axes' intersection 
to the middle point of the segment joining the two diam- 
eter/pressure values measured in sitting and standing po- 
sitions, a linear diameter/pressure curve is obtained for 
each of the patients studied. The two diameter values 
measured after exercise are plotted on the diameter/pres- 
sure curve previously created, allowing the extrapolation f
two AVP curves, respectively, with and without saphe- 
nofemoral reflux elimination. 
data (Spearman rank correlation test) was also deter- 
mined with 95% confidence interval when appropri- 
ate. 
RESULTS 
Phase I - -Development  o f  a pressure/diameter 
relationship 
The results of the pressure/diameter measure- 
ments that were performed in the first group of 82 
patients who had primary chronic venous in uffi- 
ciency, which always involved the GSV, in seven 
different hemodynamic conditions (supine, sitting, 
standing, after exercise, after exercise with cuffocclu- 
sion of the GSV, after leg elevation at -30 degrees, 
and at -45  degrees) are plotted in Fig. 3. It appears 
that the measurements are characterized by little 
increases in pressure and significant increases in di- 
ameter for values below 20 mm Hg. Above this value 
(20 mm Hg), the pressure/diameter r lationship ap- 
pears to be linear. 
The linearity of the diameter/pressure relation- 
ship above 20 mm Hg was checked in each individual 
patient by calculating the statistical significance and 
the explained variance of the linear correlation 
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Hg. 3. Diameter/pressure m asurements in 82 consecu- 
tive patients with primary chronic venous insufficiency of 
all clinical classes, obtained in the saphenous vein at the 
thigh by means of B-mode imaging and intravenous deter- 
mination. After the filling phase, around 20 mm Hg, the 
linearity of the relationship is clearly visible. Filled dia- 
mond, Measurement in standing position; empty square, 
AVP without occlusion; triangle, measurement i  sitting 
position; circle, AVP with occlusion; rhombus, measure- 
ment in supine position; square, measurements at -30 
degrees and -45 degrees. 
among the multiple diameter/pressure pairs of each 
subject in which pressure values equaled or exceeded 
20 mm Hg. All subjects had at least three pairs of 
values that satisfied this condition, and 63 subjects 
had at least 4 pairs. Although statistical significance 
was always high (p < 0.001), the explained variance 
(r e) of the experimental data ranged from a mini- 
mum of 64 to a maximum of 98 (average, 88), which 
demonstrates the correctness of the assumption of 
linearity also in the individual patients. The Severity 
of venous insutficicncy did not appear to influence 
such linearity, as indicated by the lack of any statisti- 
cal difference in explained variance between classes 2 
and 3 and classes 4 through 6. 
Phase 2- -Compar ison o f  experimental technique 
with control  method of  AVI' determination 
Four patients were excluded from evaluation be- 
cause of unsatisfactory backflow after puncture and 
vein waveform on the monitor. 
The mean value ofAVP invasively assessed with- 
out proximal saphenous occlusion was 48.2 + 9.1 
mm Hg (range, 29 to 71 mm Hg), whereas the mean 
noninvasive measure was 47.4 + 10.1 mm Hg 
(range, 31 to 71 mm Hg); with occlusion we re- 
corded 29 + 7.6 mm Hg (range, 20 to 49 mm Hg) 
and 27.8 + 6.9 mm Hg (range, 18 to 42 mm Hg), 
respectively. 
Linear regression analysis demonstrated that AVP 
values derived invasively and noninvasively were 
closely and significantly correlated (r = 0.74 and p < 
0.0001 for AVP derived without occlusion; r = 0.73 
and p < 0.0001 for values recorded with occlusion). 
The r value obtained with the Spearman rank corre- 
lation test was 0.73 with occlusion (95% confidence 
interval, 0.53 to 0.85) and 0.67 without occlusion 
(95% confidence interval, 0.45 to 0.82). 
DISCUSSION 
Duplex examination represents a great enhance- 
ment in venous diagnostics, allowing noninvasive 
recognition of obstructed vein segments as well as 
reflux detection and quantification) 9-22 Neverthe- 
less, we strongly believe that duplex scanning is still 
an underused tool in the assessment of venous dis- 
ease. There is a lot of information that is usually left 
out, including measurement of vein diameter and its 
variation under postural and pressure changesY -2s 
The first main finding of our study is the demon- 
stration of linearity, starting from a pressure value of 
20 mm Hg, in the pressure/diameter r lationship of 
the GSV of patients affected by primary superficial 
venous incompetence. 
We know from classical physiologic events that 
the relationship between vein volume and pressure 
is characterized by a significant increase in volume 
with little change in pressure during the filling 
phase, in which the vein is distended by the in- 
crease in blood volume. 25-29 In other words, dur- 
ing this first phase the pressure/volume r lation- 
ship is not linear. Instead, during the distension 
phase after the filling phase, ftirther increases in 
volume are proportionally reflected by pressure 
increases, so that linearity of  the volume/pressure 
relationship in veins can be demonstrated starting 
from pressure values around 20 mm Hg. 27 On the 
other hand, after completion of the filling phase, 
vein diameter is geometrically related to vein vol- 
ume (provided that vessel ength is constant, vol- 
ume equals area, and area is 1 /4  ¢r diameter). 26-29 
This may explain our finding of  a linear pressure/ 
diameter elationship in the saphenous vein at the 
thigh, starting from 20 mm Hg. Our patients were 
all affected by primary superficial venous insuffi- 
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ciency, including all classes of clinical severity, but 
the presence of venous reflux did not appear to 
significantly affect the linearity of the above-men- 
tioned relationship. Instead, by shifting the AVP 
toward values higher than normal, primary venous 
insufficiency may favor the occurrence of the he- 
modynamic conditions of vein distension at which 
the pressure/diameter r lationship is linear. The 
linearity was also maintained in the five patients 
who had deep venous insufficiency coexisting with 
the superficial reflux, but this finding needs confir- 
mation in a larger number of such patients. 
On the basis of the results of the first phase of the 
study, we experimented with a noninvasive tech- 
nique for the extrapolation of saphenous AVP values 
from a diameter/pressure curve. This curve can be 
obtained by a straight line drawn from the point of 
initial venous distension (20 mm Hg) and best ap- 
proximating the two pressure/diameter values nonin- 
vasively determined in hydrostatic conditions (sitting 
and standing) corresponding to linear measurements. 
When the heels touch the ground again at the end of 
the tip-toe exercise, the vein valves are open in tele- 
systole exactly as in the postural conditions used to 
derive the diameter-pressure curve. Hence, the ultra- 
sonographic measure of the saphenous diameter per- 
mits the extrapolation of an AVI' value from the 
curve previously drawn.. 
Such measurements can be performed with and 
without saphenous vein occlusion, and in our study 
both of the values appeared to closely correlate with 
the corresponding intravenous determinations. 
In clinical practice AV'P is usually measured at the 
ankle. In contrast, we are proposing a noninvasive 
method for AVP extrapolation at the thigh. In our 
opinion, there are several reasons to prefer measure- 
ment at the thigh. First, when AVP is measured at 
the anlde in cases of superficial insufficiency or coex- 
isting superficial and deep insufficiency, the more 
significant hemodynamic modifications are obtain- 
able by acting at the superior third of the thigh with a 
cuff, a finger, or a tourniquet to eliminate saphenous 
vein reflux. This indicates that in such cases major 
hemodynamic changes occur at the thigh, even if the 
site of measurement is at the anlde. Furthermore, in
"our experience, larger diameters and constant B- 
mode marker of the saphenous vein at the thigh 
("saphenous eye") make diameter measurement eas- 
ier and more precise at this level. Finally, in primary 
cases in which the proximal saphenous egment is 
involved by reflux, the thigh represents an ideal win- 
dow opened on the vein system of the lower limbs. If 
the system is able to empty with exercise, we can 
document the reduction in vein diameter just as in 
the Perthes test. In contrast, if the system is unable to 
satisfactory empty, because of impaired muscle pump 
function or whatever cause, we do not document a
significant reduction in diameter (and, of course, of 
AVP, because they are linearly related). 
The proposed technique is simple, easily repeat- 
able because of its noninvasiveness, and can be per- 
formed with equipment that is widely used for vascu- 
lar investigations. In this preliminary study, it has 
been applied exclusively to a saphenous segment of 
the thigh where reflux was previously demonstrated 
and in patients who were affected by primary varicose 
veins. It should be interesting to verify this extrapo- 
lation in other segments, normal conditions, and 
other venous diseases. Clinical validation of the pro- 
posed technique, with assessment of reproducibility, 
sensitivity, specificity, and predictivity was beyond 
the aims of this study; it will require a specific exper- 
imental design and is admittedly difficult in the ab- 
sence of a true gold standard. Nevertheless, the obvious 
interest of a noninvasive method for ultrasonographic 
assessment of AVP warrants further studies in this 
direction. 
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